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CHAPTER - 1 
INTRODUCTKar 
The e s t a b l i s h m e n t of t h e n e x t g e n e r a t i o n v e r y much 
d e p e n d s on t h e s u c c e s s f u l g e r m i n a t i o n of t h e s e e d , t h e r e f o r e , 
i t i s s u p p o s e d t o b e t h e most p r e c a r i o u s s t a g e i n t h e l i f e 
c y c l e of t h e p l a n t s . H o w e v e r , a t a t i m e when t h e s e e d i s 
i n a s t a t e o f h i g h m e t a b o l i c a c t i v i t y w h e r e t h e e m b r y o i s 
d e p e n d e n t on t h e e n d o s p e r m , c o t y l e d o n s o r n u c e l l u s f o r t h e 
s u p p l y of r e s p i r a t o r y s u b s t r a t e , a s u f f i c i e n t amount of 
t h e s e p r e c i o u s o r g a n i c a n d i n o r g a n i c s o l u t e s i s l o s t i n t o 
t h e a t m o s f i i e r e a r o u n d t h e s e e d . T h o u g h , t h i s phenomenon i s 
p u r e l y p a s s i v e (Simon a n d H a r u n , 1 9 7 4 ) t a k i n g p l a c e o n l y 
from t h e o u t e r m o s t l a y e r s of t h e c e l l s of h y d r a t e d s e e d s 
b u t t h e l o s s m i g h t be p u t t i n g t h e e m b r y o u n d e r s t r e s s a t 
t h e s e i n i t i a l s t a g e s of g e r m i n a t i o n when t h e s o l u b i l i z a t i o n 
of s t o r e d food h a s j u s t s t a r t e d . The p r e s e n c e of t h e p o r e s 
i n t h e p h o s p h o l i p i d s a t a m o i s t u r e c o n t e n t b e l o w 20% 
( L u z z a t i a n d H u s s o n 1962) a l l o w t h e e s c a p e of t h e s e s u b s -
t a n c e s . H o w e v e r , t h e r a t e of t h e l o s s of s o l u t e s i s known 
t o d e c r e a s e w i t h t i m e a s t h e v ^ t e r l e v e l i n t h e s e e d g o e s 
a b o v e 20%, T h i s l e a k a g e i s c o n s i d e r e d t o be a m e a s u r e t o 
p r o v i d e a n i n d e x of s e e d v i a b i l i t y b e c a u s e t h e s e e d s w i t h 
l o w ^ v i a b i l i t y o r n o n - v i a b l e l o s e l a r g e r q u a n t i t i e s of 
t h e s u b s t a n c e s than h i g h l y v i a b l e s e e d s . 
Out of the many other fac tors» the most p o s i t i v e l y 
c o r r e l a t e d with low seed l ing vigour in the leakage of 
s u g a r s , amino ac ids and e l e c t r o l y t e s from the hydra ted 
seeds (Becwar et^ al^. 1982). This enrichment of the atmos-
phere around the seed enables i t t o s u s t a i n higher r a t e 
of growth of seed pathogens (Simon, 1978). In add i t ion t o 
t h i s , t he loss of vigour i n imbibing legume seeds may be 
due t o the d e s t r u c t i o n of seed t i s s u e s and the e s t a b l i s h -
ment of i n f e c t i o n s i t e s by massive c e l l u l a r rup ture occurring 
dur ing the seed h y d r a t i o n . 
The fumishroent of the laritellar b i l aye r t o e s t a b l i s h 
normal phys io log i ca l c o n t r o l system of t he c e l l membrane, 
on t he leakage , t o become opera t ive i s l a r g e l y r egu l a t ed 
by water l eve l which must be above 30% (wi lk ins , 1987). 
However, the r o l e played by the metabol ic s t a t e of the 
seed and the hormonal balance cannot be denied. 
Keeping t h i s in mind, i t i s proposed to study the 
fol lowing aspec t s i n the germinat ing seeds of pea (Pisum 
sativum var . Bonevi l le and Arke l ) . 
i ) t o a s s e s s the n a t i v e values of d i f f e r e n t components, 
t o be e s t ima t ed . 
i i ) the p a t t e r n of leakage and i t s r e l a t i o n s h i p with the 
metabol ic s t a t e of the cotyledons and embryo, under 
va r i ed c o n d i t i o n s . 
i i i ) a regulatory ro le of cer ta in exogenously applied 
hormones on the leakage and seed metabolism under 
similar conditions as in the previous experiments will 
be approached. 
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CHAPTER - 2 
REVIEW OF LI'TORATURE 
2 , 1 I n t r o d u c t i o n 
The term "germination** i s normally used t o cover those 
p r o c e s s e s ^dtilch b e g i n with the uptake of water by dry seed 
and s u c c e s s f u l l y terminate with the emergence of r e d i c l e / 
hypocoty l throu?^ the c o v e r i n g s of t h e s e e d . These obser-
vable morphological changes are a cumulat ive e f f e c t of c e l l 
d i v i s i o n , c e l l enlargement and an I n c r e a s e i n the metabol ic 
a c t i v i t y of the embryo a x i s , endosperm and/or c o t y l e d o n s . 
The r e s e r v e s i n the germinating s eeds are mobi l ized 
l a r g e l y as a r e s u l t of the a c t i v i t y of enzymes whose induc-
t i o n i s under the c o n t r o l of "hormonal" f a c t o r r e l e a s e d from 
the embryo and/or a x e s . The reason for t h i s i s tha t i n the 
b e s t understood system - t h e c e r e a l g r a i n - m o b i l i z a t i o n of 
food r e s e r v e s i s q u i t e c l e a r l y under-hormonal c o n t r o l . How-
e v e r , there i s no c l e a r answer t o the q u e s t i o n of how food 
m o b i l i z a t i o n i n n o n - c e r e a l s eeds i s r e g u l a t e d . The main cause 
of t h i s u n c e r t a i n t y i s t h a t \itnen the t r i a l s are made t o 
manipulate s e e d s , other than c e r e a l s , i n the same manner. 
One cannot avo id producing damaged c o t y l e d o n s and endosperm 
from which the t e s t a o f t e n has had t o be removed. 
The review Includes the sequence of events taking 
place i n the process of germination and their regulation by 
the factors borned within the seeds or applied exogenously. 
2,2 Hormones 
Plant hormones are organic compounds• which are 
neither a source of energy nor act as bui lding block, but 
synthesized i n one part of the plant and translocated t o 
another part , where i n very low concentrat ions, induce a 
phys io logical response. In the target organ, th i s response 
need not be promotive, because process such as growth or 
d i f f e r e n t i a t i o n are sometimes inhibi ted by hormones. Sucrose 
i s not considered a hormone even though i t i s synthesized 
and translocated by p l a n t s , because i t causes growth only 
at r e l a t i v e l y high concentrat ions . Hormones are usually 
e f f e c t i v e at internal concentrations of l jiM or even l e s s . 
2 . 2 . 1 Auxins : 
Fr i t s Vtent in 1926 f i r s t used the term auxin for 
some unident i f ied compound which jx-obably caused curvature 
i n oat c o l e o p t i l e s toward l i g ^ t . The c o l e o p t i l e t i p was 
reported t o have abundant quantity of t h i s compound as 
compared with other organs or t i s s u e s . I t was later on 
i d e n t i f i e d as Indo le -3 -ace t i c acid (lAA). Plants contain 
two other compounds that cause many of the same responses 
as lAA, therefore , should be considered to be natural auxins 
(wightroan and Llghty, 1982), one of these i s 4-chloro-
i n d o l e - a c e t i c acid (4-chloro lAA) extracted from young seeds 
of various legumes (Engvild, 1986). Another, phenylacetlc 
ac id (PAA) i s a l so of wide occurrence in p lant s . In addition 
t o these , three addit ional compounds of natural occurrence 
namely » indole e thanol , indoleacetaldehyde and indoleaceto-
n i t r i l e have considerable axixin a c t i v i t y . 
Some of the synthet ic compounds are a lso c l a s s i f i e d 
as auxins because many of the physio logical responses induced 
by them in the plants are s imilar to that of lAA, but , they 
are named as plant growth regulators . The best known out of 
them are naphthalene a c e t i c acid (NAA) . indole-3-butryric acid 
(IBA), 2,4-dichlQrophenoxy ace t i c acid (2 ,4 -D) . 2 , 4 , 5 - t r i -
chlorophenoxy ace t i c ac id ( 2 , 4 , 5 - T ) and 2-methyl-4-chloro-
phenoxyacetic acid (MCPA). 
2 .2 ,2 Gibberell ins i 
Yabuta and Hayashi i n 1935 for the f i r s t time i so la t ed 
t h i s a c t i v e substance from Qibberella fujikuroi which was later 
on named as g i b b e r e l l i n . Since then e ighty four g ibbere l l ins 
(Salisbury and Ross, 1992) have been extracted from dif ferent 
lower and higher p lant s . However, most of the species have 
only few and at the most 15 (Phinney, 1979; Jones and 
MacMillan, 1984). 
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2.2.3 Cytoklnlns : 
The vascular t i s sues In a plant system were proposed 
t o be a r i ch source of t h i s c e l l divis ion factor (G.Haberlandt, 
1913), Liquid endosperm of coconut was found to be another 
natural source inducing cytokinesis in the ce l l s (J,V,Overbeek, 
1941). However, the act ive compound was iden t i f ied from the 
breakdown products of aged or autoclaved herring sperm DNA 
and was named as )clnetin (Miller et^ a l , 1956), 
2.2.4 Ethylene t 
Ethylene is a unique plant hormone because of its 
structural simplicity and gaseous nature. Its Involvement 
as a plant hormone was first noticed by Neljubow in l90i as 
a triple response in etiolated pea seedlings. 
2.2.5 Abscissic Acid : 
Liu and earns (1961) Isola ted abscis in-I from mature 
cotton f r u i t s , which stimulated abscision of debladed cotton 
pe t io l e s . Similarly, another substance, a b s c i s i n - I I , was 
extracted from yoiing cotton f ru i t s by OhKuma and associates 
(1963); Eagles and wareing (1963) characterized "dornvin" 
which was extracted from birch leaves held under short-day 
condi t ions. This substance when applied t o the leaves of 
birch seedlings completely arres ted i t s apical growth. In 
the year 1965, a l l the above substances (abscisin I , abscisin 
I I and dormin) were found t o be i d e n t i c a l , therefore , termed 
as absc iss ic acid (ABA). 
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2.3 Metabolic changes aaaoclated with seed germination and 
growth of seedlinqa 
Although, the exact sequences of events in seed 
germination varies anong different plant spec ies , the basic 
processes are s imi la r . I t includes i r rb ibi t ion, ce l l expan-
sion* hydrolysis of food reserves in endosperm or cotyledons, 
t ranspor t of soluble metabolites t o the embryo, and synthesis 
of c e l l u l a r const i tuents in the embryo accompanied by ce l l 
d iv is ion . 
Morc*iashi and Shimokoriyama (1974) aut©radiographed 
the cotyledons of phaseolus tmingo and Pisum sativum fed with 
glucose C or indoleacet lc acid C and observed that these 
chemicals were confined and metabolised in the peripheral 
region of the cotyledons, during the ear ly period of germi-
nation* This led them to conclude that in the storage paren-
chyma of the mature cotyledais the physiological a c t i v i t y was 
not uniformly d i s t r ibu ted but remained localized in the 
peripheral region, at the i n i t i a l stages of germination. 
Knypl and Krystyna (1979) reported that the induced 
synthesis of n i t r a t e reductase reqtiired the presence of l ight 
in In tac t cotyledons of 2-day old seedlings of Lactuca sativa, 
The efficiency was enhanced by the addit ion of molybdenum. 
However benzyladenlne, g ibbere l l i c ac id , succinic acid and 
2,2-dimethylhydroxide reduced the a c t i v i t y of the enzyme. 
Trimethyl ammonium chloride did not affect NRA but markedly 
inh ib i ted greening and protein synthes is . KNO- on the other 
hand* stimulated protein synthesis and growth of cotyledons, 
Maria and Antonio (1961) determined the pat tern of 
in vivo a c t i v i t y of n i t r a t e reductase (NR) in chlorophyllous 
cotyledons of soybean seedl ings , cu l t iva ted at constant 
temperature and continuous l i ^ t . They noted that chlorophyll 
accumulation preceded and approximately paral leled NRA 
indicat ing that n i t r a t e reduction was associated with the 
development of anabolic processes in the cotyledons. Ihe 
enzyme a c t i v i t y was inh ib i t ed by cycloheximide i f added 
a t the beginning of the i l luminat ion period, however the 
effect disappeared as the t i s sues were t r ea ted at l a te r 
stages af ter being exposed t o l i ^ t . Another inhib i tor a c t i -
nomycin-D did not effect enzyroe a c t i v i t y . This led them to 
conclude that cotyledons of germinating seeds possessed 
preformed mRNA for n i t r a t e reductase , but depended, in p a r t , 
on d£ novo protein synthesis , 
Davies et^ al« (1981) observed that in cucumber coty-
ledons white l igh t provided e i the r continuously or as shor t , 
dai ly exposures stimulated the dtegradation process of neutral 
l ip ids and the a c t i v i t y of l ipase . Higher levels of the 
enzyme a c t i v i t y developed in continuous white l igh t . They 
have concluded that the infliience of l igh t or l ip id degra-
dation and related enzyme a c t i v i t i e s was prominent in the 
po ten t i a l ly photosynthetic cotyledons, therefore , species 
10 
dependent. However, the treatment had little effect on 
either the rate of development cc the activities of gly-
Qxylate cycle enzymes. 
Martin and Northcotc (1982) noted an increase in 
the water content of castor bean seeds and this brought 
about an increase in their fresh weight quicker by gibbere-
111c acid treatment than the water soaked control, GAg also 
stimulated lipid metabolism by increasing the activities of 
most associated enzymes, vtiat appeared to them was that GA^> 
Instead of stimulating particular enzymes, affected protein 
synthesis through the advanced appearence of larger quan-
tities of total RNA (rRNA) and poly (A"*") RNA. 
Melcher (1983) reported that the cotyledons of Pisum 
sativum seedlings grown in the jaresence or absence of light 
possessed a similar rate of breakdown of reserve proteins 
and the transport of breakdown products from the cotyledons. 
However, different parts of the seedling received varied 
quantities of nitrogen containing compounds. From day 4 of 
germination onwards, seedlings growing in light possessed 
most of the nitrogen containing compounds in the root whereas 
those grown in the dark had most of it in the shoot. The 
free amino acid, particularly that of homoserlne and aspa-
ragine, composition of light or dark grown seedlings showed 
differences. 
11 
GiunaahvlLl (1983) i r r ad ia t ed e t i o l a t ed cotyledons 
of Cucumls satlvus with red l ig^ t pulses (650 nm, 5 mln) 
and observed no change In the basal level of NRA. However* 
n i t r a t e Induced a c t i v i t y of the enzyme was stimulated by 
the treatment In the ear ly stages of Induction depending on 
the number and In te rva l s beti«een pulses . I t was a l so suggested 
that the phytochrocne st imulated NRA In e a r l i e r stages of I t s 
Induction. 
In germinating seeds* the ac t iva t ion of c<.-amylase, 
In the endosperm I s known t o occur because of the co-ordinated 
In te rac t ion between the embryo and aleurone layer c e l l s . The 
germinating embryo I s known to produce hormones v*ilch promp-
ted Arstruni and Panosyan (1984) to Incorporate In the i r 
s tudies the effect of P> -lAA and klnet ln with GA on the 
enzyme a c t i v i t y during germination of old and fresh mature 
wheat seeds. They observed tha t af ter 72 hours both in the 
endosperm and aleurone layer c e l l s , in seeds subjected t o 
storage enzyme a c t i v i t y Increased 3.5 fold where as in young 
mature seeds the increase was 7-fold. The use of GA,/3-IAA 
and klnet ln led them to conclude that low In tens i ty of the 
process of oC-amylase, ac t iva t ion in the endosperm and aleu-
rone layers of chronologically old seeds a t ear ly stages of 
germination was determined not by functional Inadequacy of 
aleurone layer c e l l , producer of hydrolase enzymes, but 
due to the suppression of processes responsible for manu-
facture and co-ordinated dlspat<±) to the endosperm aleurone 
12 
layer of /©-lAA and kinet in which (together with GA) take 
part In regulat ing c<l-araylas« a c t i v i t y of the endosperm of 
germinating seeds. 
I l a h i (1985) reported higher concentrations of growth 
inh ib i t i ng substances than grovrth promoting substances in 
the germinating seeds of Pinus roadourgii and Pinus wallichiana 
s t r a t i f i e d for 15 and 21 days respect ive ly . However, an exten-
sion of the period of s t r a t i f i c a t i o n decreased the level of 
inh ib i to r s and increased tha t of growth promoting substances. 
He was able to ident i fy four growth promoting and one i nh i -
b i to ry substances in germinating seeds. 
Massanorl (1986) while analysing the effect of red , 
far-red and dark on the t o t a l and basic peroxidases in the 
germinating seeds of Cucumis anguria reported an enhancement 
of basic peroxidases both by red and far-red l igh t , 
Nakagawa et^ a l . (1986) r e s u l t s showed that NRs from 
spinach leaves and roots of different ages appeared to be 
iden t i ca l proteins and t h i s NADH-nitrate reductase (MR) 
a c t i v i t y per g fresh weight decreased as the seedling aged. 
However, they also reported that the NR molecule remains 
e s s e n t i a l l y the same throughout the ageing process. 
Srlvastava and Mungre (198 6) reported an inhib i t ion 
in the induction of n i t r a t e reductase in excised cotyledons 
of radish seedling by t h e i r treatment with polyamlnes, 
13 
spermidine and spermine both I n the presence or absence of 
l i g h t . However, p u t r e s c l n e had no e f f e c t . They a l s o worked 
out a p o s s i b l e mechanism by which NR i s i n h i b i t e d by s p e r -
mine. I t n e i t h e r a f f e c t s t he uptake of n i t r a t e nor t h e 
breakdown of NR but i n h i b i t s de^  novo syn thes i s of NR. 
Yandow and Richard (1986) observed an induc t ion of 
NR by n i t r a t e in the primary r o o t s of p icea rubens but 
depressed by ammonia (NH3). The s eed l i ngs were provided with 
n u t r i e n t s o l u t i o n of pH 3.4 or 5 and supplemented with s a l t s 
of Al , Cd, B or Zn each a t two c o n c e n t r a t i o n s . NR induc t ion 
was found t o be maximum a t pH 3 upto day 42 v^ereas a t pH 4 
and 5 i t was low. The presence of metal ions a t pH 4 favoured 
induc t ion of NR, however, suppressed i t a t pH 3 and 5. 
Brown et_ a l . (1986) used i s o l a t e d ch locoplas t s u s -
pension and c e l l f ree system from l i g h t grown Pisum sativum 
t o demonstrate the pathway of lAA ca tabo l i sm. Decarboxylation 
ox ida t ion was found t o be t h e major process r e spons ib le for 
the d e s t r u c t i o n of lAA. The r a t e of lAA catabolism was 
higher i n the presence of l i g h t than i n i t s absence. They 
concluded t h a t exogenous lAA was enzymet ica l ly decarboxy-
l a t e d by pea ch locop la s t f r a c t i o n s viiere lndole-3-methanol 
(IM) was the Important c a t a b o l l t e of l i g h t enhanced process . 
Okuda et^ aJL^ . (1987) s tud ied the changes in the l eve l 
of some enzymes i n the embryonic axes of germinating soy-
bean (Glycine max) s e e d s , 48 hours a f t e r germination to 
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cor re la te i t with the gene expcesslon. Acid phosphatase 
level increased 27 times (at 40 hours)* over those from 
dry seeds , due t o dg^  novo synthesis of enzyme protein in the 
embryo axes. Another enzyme, L-roalate dehydrogenase increased 
80 times (at 48 hours) . However, i t vias mainly due to the 
ac t iva t ion of already ex i s t ing enzyme protein in the axes 
by imbibit ion ra ther than being t ransfer red from any where 
e lse or de^  novo synthesis of the enzyme prote in . 
Zhange et^ al^, (1987) noted an increase in the induci-
b i l i t y of NR in the callt is t i s sues of tobacco pre- t rea ted 
with cytokinin for 12 hours in the presence of n i t r a t e . They 
proposed that probably there are two major steps in the 
synthesis of n i t r a t e reductase x ( i ) the synthesis of 
inact ive NR apoenzyme Wiich i s st imulated by the presence 
of cytokinin and ( i i ) the ac t iva t ion of the NR apoenzyme, 
which requires the mediation of n i t r a t e . 
Sandberg and Ernstsen (1987) reported a r i s e in the 
free lAA contents of the seeds of Picea abies from 2 0 mg g 
to 60 mg g" (dry weight) in the f i r s t five days of germi-
nat ion, the rea f te r , i t decreased t o 20 mg g~ . However, the 
auxin released on a lka l ine hydrolysis decreased from i t s 
or ig ina l level of 110 mg g" t o 5-10 mg g" during the 
f i r s t week of germination, 
Chiatante ejt al^. (1988) observed an inhib i t ion of 
chlorophyll accumulation in the cotyledons of le t tuce 
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seedlings t rea ted vrlth cyto1(lnin. I t seemed to them to be 
independent from the typ>e of modification in Ng or NQ 
posi t ion of the purine r ing of the cytokinin. Therefore, 
they proposed that t h i s par t i cu la r behaviour might have 
been induced by the purine r ing of the hormone for which 
no specif ic mechanism of action was suggested by them. 
Deshmukh e^ a^. (1988) reported a posi t ive effect 
of GA^  on the 06-amylase a c t i v i t y in the endosperm of 
germinating barley seeds , however» ABA inhibi ted i t . so 
they proposed that the level of GA- and ABA regulate the 
a c t i v i t y of the enzyme through an inh ib i to r prote in . I t 
was self evident from the i r r e s u l t s that the amount of th i s 
inh ib i to r protein decreased in the presence of GA^  but 
increased in the presence of ABA in both aleurone layer 
and medium at 20 and 24 hours of the incubation. The use 
of GA3 and ABA together made the protein band t o be less 
prominent as compared with that in ABA alone. 
Bashist (1988) in the seedlings of Sesamum indicum 
t rea ted with g ibbere l l i c acid and grown in a standard 
nut r ien t medium with continuous i l luminat ion noted poor 
n i t r a t e uptake and i t s reduction. However, the i l l effect 
induced by the treatment was overcome by the addition of 
sucrose (2%) t o the medixim. He, the re fo re , proposed tha t 
the overal l effect of the GA was modified by the lower 
sugar level of the t i s sue but could be regularised by i t s 
exogenous appl ica t ion . 
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Dencheva and Kllsiirska (1988) observed that the 
growth inh ib i to r CCC re tarded the germination and growth 
of the seedlings of maize. This was associated with an 
increase in the quant i ty of phenols, t o t a l peroxidases and 
lAA oxidase. The enhanced level of the respective isoenzymes 
was found to be main reason for the increased level of per-
oxidases and lAA oxidases.They, therefore , proposed tha t 
CCC affects the plant system in di f ferent ways and proposed 
a model to explain the possible mechanism by >piiich the 
inh ib i to r operates i t s e f fec t . 
Sharma (1988) noted tha t nei ther GA nor casein-
hydrolysate added exogenously to the germinating seeds of 
chickpea-could affect the protease development in the 
cotyledons. However, the presence of i n t a c t enribryo axis 
favoured the mobilization of reserve proteins through the 
production of pro teo ly t ic enzymes in the cotyledons, 
Basra et_ aJL. (1989) observed tha t the treatment of 
maize seeds with phttMiIitiide AC 94377 ( l -O-chlorophtha-
limide) cyclohexane carboxyamide), GA. _ and ABA s i g n i f i -
cantly increased germinabil i ty under sub and supra optimal 
temperature regimes. ABA was spec ia l ly stimulatory at 
sub-optimal temperature. Metabolic changes revealed an 
increased accumulation of soluble sugars and protein as 
compared with the controls under-s t ress ing temperature. 
The a c t i v i t i e s of acid phosphatase, inver tase , ca ta lase 
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and peroxidase were seemingly re la ted with the al tered 
metabolism. They, therefore» proposed that the l eve l 
g l b b e r e l l l c acid and a b s c l s s l c ac id regulate the system 
for s t r e s s a l l e v a t l o n . 
Tahlr and Farooq (1989) assessed seed l ings , leaves 
and the developing grains for Iri v ivo n i t ra te reductase 
a c t i v i t y (NRA) of four spec ies of Fagopyrum (v iz . F. 
esculentum Moench, £ . saglttatum, JP. tatarlum and F. 
kashmlrlanum). In a l l the four s p e c i e s , the leaves exhibited 
a decreasing trend In NRA with the advancement of the ir age 
and I t was p o s i t i v e l y correlated with the n i trate l eve l of 
the t i s s u e . However, In grains the NRA l e v e l Increased with 
each success ive stage of i t s development. Among the various 
s p e c i e s , F. tatarittm maintained higher NR a c t i v i t y in the 
grains during their development. 
Gllmanov and Sultanbaey (1989) germinated the grains 
of Trltlcum durum pre- treated with 6-BAP, 2,4-D, k l n e t l n , lAA 
or OA and analysed them fee NADP-glutamate dehydrogenase 
(NADP-OEH). 2 , 4 - D induced the formation of the enzyme in the 
non-embrycwiic part of the grain. They proposed that primary 
cytokinins act on the embryonic, fragments which was c l o s e l y 
followed by the ac t ion of a hypothet ical ccwnpound In the 
non-embryonic part of the grain, s imilar in act ion t o 
that of 2,4-D, inducing the formation of NADP-GEH, 
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Kariraov and Dontsova (1989) reported that exogenoualy 
supplied absciss lc acid (ABA) t o germinating seeds of cotton 
inh ib i ted the synthesis of various RNA-fractions and the 
formation of ribosomes and polysomes. The presence of the 
hormone induced polysome degradation v*iich led t o an inc-
rease in the level of ribosomes not involved in protein 
synthes is . This a lso resu l ted changes in the corirelatlon of 
synthesized RNA molecules and ribonucleoprotein pa r t i c l e s 
in cotton seedlings* 
Karunagaran and Rao (1990) reported tha t the a c t i -
v i ty of protease was nine fold in the attached cotyledons 
and proteins declined fas te r than in the detached cotyledons 
«^ere the level of enzyme was three fold from 0 t o day 3 . 
After day 2, the amino acids did not accumulate in the 
at tached cotyledons, con t ra r i ly they accumulated contin-
uously in the detached cotyledons. This led them to conclude 
that in the cotyledons of germinating seeds of Macrotylcma 
uniflorum, the a c t i v i t y of protease* protein degradation 
and the u t i l i z a t i o n of amino acids was dependent on the 
presence of the embryonic axes. This dte^  novo synthesis of 
the enzyme regulated by the axes was not replaceable by 
exogenous addit ion of e i the r g ihbere l l i c acid or benzyl-
adenine. They further suggested tha t the embryonic axes 
acted as a sink, during the germination of the seed, for 
the hydrolytic products and i t s absence lead to the accumu-
la t ion of these end products r e s t r i c t i n g further enzyme 
19 
a c t i v i t y , s i m i l a r l y , i n another obse rva t i on , Karunagaran 
e t a l . (1992) found the dependence of the a c t i v i t y of amylase 
and p ro tease and the degradat ion of s t a r c h and p r o t e i n i n the 
cotyledons of germinat ing seeds of cowpea on the presence of 
embryo axes . 
Saha (1992) observed the presence of cy tokin ln 
a c t i v i t y i n germinat ing pea seeds only a f t e r 2 4 h o u r s . Ttie 
bound cy tok in in ( zea t i n g lucos ide) decreased a f t e r 48 hours 
but the free cy tok in in ( zea t i n and z e a t i n r i b o s i d e ) increased . 
I t was suggested t h a t a c o n t r o l mechanism e x i s t e d where a 
d e f i n i t e amount of bound cy tok in in were hydrolysed t o free 
ba se s . Cytokinin was s a i d t o con t ro l p r o t e i n t u rn over and 
t r a n s p o r t of g i b b e r e l l i n s from the embryo t o induce other 
biochemical processes i n germinat ing seeds , 
2 .4 Effect of chemicals on the germinat ion of seeds 
Ail of the a c t i v e substances ( aux ins , g i b b e r e l l i n s , 
c y t o k i n i n s , abac ia s i c ac id and e t h y l e n e ) a re of n a t u r a l 
occurrence i n the seeds . However, numerous spec ies of seed 
s t i l l respond t o these s u b s t a n c e s , suppl ied exogenously 
e i t h e r s i ng ly or in combination. There fo re , some of these 
chemicals have a commercial value in a g r i c u l t u r e for s t i -
mula t ing the r a t e of seed germinat ion , 
Jacobson (1978) t r e a t e d pea seeds with 2 ,4 , -D (a 
s y n t h e t i c a u x i n ) , (a) a t the beginning of the imbib i t ion 
20 
and (b) a f t e r 12 hours of Imbib i t ion i n water . Auxin a p p l i -
c a t i o n reduced the f resh weight i n c r e a s e but enhanced dry 
weight decrease a f t e r 12, 72 and 144 hours of germination 
i n the dark. The a c t i v i t y of a c i d i c cytoplasmic Rtiase i n 
the 3 0,0 00 xg superna tan t of the homogenate, 2,4-D caused 
no s i g n i f i c a n t e f f e c t from 12 t o 72 hours but from 72 t o 
144 h o u r s , the enzyme a c t i v i t y was lower than in the c o n t r o l . 
However, i n t he 30,000 xg supe rna tan t s of the d ia lyzed and 
concent ra ted homogenate t he a c t i v i t y was s t imula ted from 12 
t o 72 hours and e x h i b i t e d a p a r a l l e l decrease from 72 t o 
144 hours i n c o n t r o l and both the hormone t r e a t m e n t s . 
Thomas (1984) observed t h a t the d r ied pre-soaked 
seeds of ce l e ry i n t h e s o l u t i o n of Gk. or GA- plus ethaphon 
(G + E) or an osmotic primary t r ea tment in l i g h t with poly-
e thy lene g lycol (PEG) were l e s s the rmoinh ih i t ed . The seeds 
t r e a t e d with G + E germinated a f t e r a week where as PEG 
t r e a t e d seeds germinated a f t e r 3 days a t 18 and 2 5 C, i n 
the darko However, u n t r e a t e d seeds did not germinate . I r r e s -
pec t ive of the t r e a t m e n t , dry seeds e^diibited very l i t t l e 
cy tok in in a c t i v i t y . However, the c o n t r o l seeds imbibed for 
18 hours i n dark, possessed higher cy tok in in a c t i v i t y than 
both G + E and PEG t r e a t e d seeds . 
Se t la and Narang (1985a) increased the leve l of 
s a l i n i t y by supplementing the medium with NaCl (50, 100 
and 200 mM) and observed t h a t the per cent germination 
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declined progressively with an Increase in the concentration 
of the s a l t . The length, fresh and dry weight of the r e s u l -
t i ng seedlings a l so decreased. Three growth regulators (GAot 
k lne t ln , morphactln) were a l so used a t a concentration of 
5 mg/ml each, t o counteract the effect of s a l i n i t y but a l l 
of them had an addit ive effect of s a l i n i t y on seed germi-
nat ion. Similarly in other study Setia and Narang (l985b) 
reported an in te rac t ion effect of k ine t ln , lAA and GA^  (1 
and 10 >ig/ml) with the s a l i n i t y induced by NaHCO^  (50, 100 
and 150 mM) on the germination of pea seeds, s a l i n i t y 
decreased the germination percentage t o 35%, however, i t 
improved with the addit ion of e i the r of the above hormones. 
GA was more effect ive than kinet ln and lAA enhanced germi-
nation t o a level comparable with the control . They, 
the re fo re , suggested the use of these plant hormones t o 
overcome the inh ib i t lw i of seed germination in sa l ine 
condi t ions . 
Sisler and carmen (l986) exposed tobacco (Nicotiana 
tabaccum) seeds t o ethylene during t h e i r germination, they 
noted s l i ^ ^ t Impcovement by the treatment. The germination 
was, however, ccmpletely inh ib i ted i f ins ted of ethylene 
i t s Inh ib i to r s (2,5-norbccnadlene amlnoxyacetic acid and 
AgNO_) were used. I h i s inh ib i t ion by these chemicals can 
par t ly be overcome by ethylene. This led them to conclude 
tha t tobacco seeds require a ce r ta in level of ethylene 
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fear t h e i r germination *^lch was supplied by i t s own 
metabolism. 
Kepczynski (1986) noted an inh ib i t ion in the ger-
mination o£ Amaranthus caudatus seeds t rea ted with t e tcyc-
l a s i s (BAS 106), an Inhibitcar of GA biosynthesis . The effect 
of BAS 106 was antagonised by g ibbere l l in (GA. „ ) . The 
ethylene released from ethephon (2-chlaroethyl phosphoric 
acid) or synthesized from ACX: (1-araino cyclopropane-1-
carboxylic acid) mimicked the ef fec ts of g ibbere l l in . 
However, seed germination could not be stimulated by gibbere-
l l i n in the presence of amino ethoxy vinylglycine (AVG), an 
inh ib i to r of ethylene biosynthesis ; Gibberellin did not 
reverse the effect of BAS 106 i f AVG was added simultaneously. 
These observations were further confirmed in the i r l a te r 
s tudies - Kepczynski and Kepczynska (1988) and Kepczynski 
e t a l (1988), Paclobutraaol a speci f ic inhib i tor of gibbere-
l l i n synthesis v^iich blocks the biosynthetic s tep from 
ent-kaurene t o ent-kaurenoic acid was used t o inh ib i t the 
seed germination of A. paniculatus . This inh ib i t ion was 
counteracted by g ibbere l l in A^  (GA^), ethephon or ACC. I t 
was worth t o note that ethephon was more effect ive than GA 
vrfien applied simultaneoiisly with paclobutrozol. The seeds 
incubated with paclobutrazol for 5 days decreased sens i -
t i v i t y t o GA- and ethephon. I t was, therefore , concluded 
tha t endogenous gikfeerellin are required for the germination 
of these seeds. Such simulation action of endogenous 
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gibbere l l ins by ethylene may indicate tha t ethylene and 
g ibbe re l l i n s , effect the same or s imilar processes leading 
t o germination. 
Bradow et^ a l . (1988) reported tha t four synthet ic 
mult ir ing analogs of s t r l g o l , a na tura l ly occuring sesqui-
terpene lactone that promotes germination of dormant seeds 
of s t r i g a , were found t o st imulate germination of dormant 
Lactuca seeds. The effects on l igh t sens i t ive and l ight 
insens i t ive le t tuce seeds %iere concentration depend and 
exceed those produced by equimolar solut ion of g ibbe re l l i n s , 
s t r i g o l and e p i s t r i g o l , promoted l e t tuce seed germination to 
a lesser degree than did the synthet ic analogs. 
Patel and Chat te r j i (1988) studied the effect of 
growth regulators on seed germination and growth of seedling 
of papaya. The seeds soaked in NAA» lAA, IBA,/© -NPA and GA 
for 2 4 hours resu l ted in be t t e r germination and quicker growth 
of seedl ings . They recoranended that the papaya seeds must 
be soaked in the solut ion of lAA (lOO ppm) for be t te r 
germination and tha t of GA (100 ppm) for be t te r growth of 
seedling pr ior t o t h e i r sowing. 
pressman and Shaked (1988) observed that the seeds 
of Apium qraveolens col lec ted from the plants pre- t rea ted 
with paclobutrazol a t the time of anthes is had a marked 
reduction in germination in l igh t and fa i l ed to germinate 
in the dark, Ih i s inh ib i to ry effect was overcome by the 
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addit ion of GA^/^ t o the imbibition solution but GA3 was 
inef fec t ive . I t led them t o suggest that pacloburtrazols , 
appl ica t ion t o mother plant inh ib i t ed biosynthesis of GAS , 
v^ich normally enable the germination of annual seeds under 
unfavourable condi t ions . However, the exogenous appl icat ion 
of GA^/^ f u l f i l l s the need. 
Grubisic et^ al^. (1988) reported that the seeds of 
Paulownia toroentosa may be siibjected t o germinate i f exposed 
t o red l igh t or soaked i n the solut ion of GA, The effect of 
red l igh t was completely neutra l ized by far red l i g h t , 
absc iss ic acid or some growth re ta rdants (ancymidol, t e t -
cyc las i s and paclobutrazol) but not by AMO 1618 or chloro-
choline chlor ide . The inh ib i t ion induced by far-red l ight 
and some growth re ta rdants y»a overcame by g ibbere l l ins . 
The effect of absc i s ic acid was reversed by fusicoccin, 
which did not reverse the inh ib i t ion caused by far-red 
l igh t or growth r e t a rdan t s . They further noted tha t the 
germination of l ight insens i t ive wheat» corn, a l fa l fa and 
mungbean seeds was not inh ib i ted by growth re t a rdan t s , 
2,5 Loss of solutes during germination 
The seeds, a t the I n i t i a l s tages of imbibi t ion, from 
the outermost layers of c e l l s lose solutes (sugars, prote ins , 
amino acids and e l e c t r o l y t e s ) i n t o the surrounding medium. 
However, the ra te of loss decreases with an increase in the 
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degree of hydra t ion of the t i s s u e s . This phenomenon i s 
pu re ly pass ive (Simon and Harun, 197 4) and i s due t o the 
f ac t t h a t phosphol ip ids with a water content of l e s s than 
2 0% a r e claimed t o adopt a hexagonal conf igura t ion so , the 
membrane in t h i s s t a t e i s not l amel le r but possess pores 
(Luzzat i andHusson , 1962), Therefore so lu t e s leak through 
them u n t i l the lamel la r b i l a y e r i s e s t a b l i s h e d when normal 
phys io log i ca l c o n t r o l system would become opera t ive (v/ i lkins , 
1987). 
Simon and Harun (1972) noted t h a t so lu t e s leaked 
from the seeds of Ricinus and pea embryos a t a r a t e wliich 
dec l ined r a p i d l y a t f i r s t and then more s lowly. Embryos 
p r e - d r i e d over calcium c h l o r i d e and then hydra ted , followed 
t h e same leakage p a t t e r n . However, pea embryos i f allowed 
t o imbibe some water t h r o u ^ a small pa r t of t h e i r s u r f a c e , 
leak r e l a t i v e l y s lowly when subsequent ly immersed In water . 
Here they a l s o r epo r t ed t h a t the g r e a t e r the i n i t i a l imbi-
b i t i o n the slower the subsequent leakage . They f i n a l l y 
suggested t h a t dur ing the course of seed drying the membrane 
looses i t s s t r u c t u r e . However, t h i s i n t e g r i t y was r e -
e s t a b l i s h e d when the seeds were allowed t o imbibe water for 
a shor t per iod . 
Simon and v/iebe (1975) observed t h a t the water 
content of the seed determines the degree of leakage of 
e l e c t r o l y t e s from pea embryos i n the i n i t i a l s tages of 
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imbibi t ion. The loss was very slow i f the embryos had a 
water content of 309i or more (water po ten t ia l higher than 
8 0 ba r s ) . Seeds tha t have reached t h i s degree hydration 
are k i l l ed by a 20 minute exposure to l iquid nitrogen, 
Hendrick and Taylorson (1976) imbibed the seeds of 
Avena fatua, Lactuca 3ativa» Bar barea vu lgar i s , Amaranthus 
a lbus , Setaria faberi and Setar ia v i r i d i s to study the 
leakages of amino acids and/or fluorescent material at 
temperatures ranging from 15 t o 40 c. They found an enhanced 
r a t e of leakage of the amino acids from 8 of the 10 kinds 
of seeds studied which indicated prominent increase in 
permeability of the plasmalerama, Ttie seeds of A«albus and 
A, theophrasti did not show membrane change in the 25 to 40 C 
range, therefore germinated best at 35° t o 40°c. The seeds 
of the r e s t of the cu l t iva r s germinated best at a tempera-
ture below 30°C. 
Mathews and Rogerson (1976) reported that differences 
in the leaching of solutes from different seed lo t s of peas 
were associated with the ccmditlon of the embryo and not the 
t a s t a e . Seeds with areas of dead t i s sue on the abaxial sur-
face of t he i r cotyledons exhibited the highest levels of 
leaching but the large range of levels found among seed 
lo t s resu l ted from differences in leaching from l iv ing 
t i s s u e s . A rapid decline in the leaching of solutes was 
noted from the f i r s t minute in water and was re la ted to 
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the a b i l i t y of the embryo t o r e t a i n solutes ra ther than their 
solute content v*ien dry embryos were placed in water. 
Sainad and Pearce (1978) noted leakage of reducing 
sugars , phosphates, potassium, t o t a l e l e c t r i c a l l y conduc-
t ing mater ia l s , proteins and phenolics from the seeds of two 
v a r i e t i e s of Arachis hypocrea in the f i r s t 2 4 hours of imbi-
b i t ion in d i s t i l l e d water. The seeds without t e s t a leached 
larger quant i t i es of a l l of the substances, except protein 
and i^eno l ics , than those with i n t ac t t e s t a . Sugar, {^osphates, 
potassium ions and t o t a l e l e c t r i c a l l y conducting material 
leached at fas tes t r a t e in f i r s t hours of imbibit ion. The 
presence of peroxidase and ca ta lase was noticed only in the 
leachates of the seeds with t e s t a . This led them to conclude 
tha t the t e s t a of peanut was not a ba r r i e r to uptake of 
water and that leaching of some substances was greater in 
i t s absence than in i t s presence. They did not agree with 
the suggestion of others that the greater leaching and 
reduced v i a b i l i t y and vigour of seeds whose t e s t a has been 
removed, was due to more rapid imbibition in the absence of 
t e s t a . However, they proposed that the phenolics (leachable 
in water) in the t e s t a of peanut seeds acted as antioxidants 
which supplemented the protect ion afforded by o( -tocopherol 
(which i s l ip id soluble) t o c e l l ccxnponents against oxi-
dat ion. 
Leopold (1980) studied the effect of low temperature 
on the r a t e s of v?ater uptake i n t o and solute leakage out of 
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cotyledons of soybean. Arrhenlus p l o t s of water en t ry show 
no s i g n i f i c a n t d i f f e r ence i n t o l i v i n g than i n t o hea t k i l l e d 
t i s s u e which supported the concept of s l i g h t hinderance by 
membrane i n the passage of water through the t i s s u e s . 
However, Arrhenius p l o t s of s o l u t e leakage in l i v i n g t i s s u e 
e x h i b i t e d 10-fold lower r a t e than the dead t i s s u e s . This 
led them t o conclude t h a t a t low temperature (15 C) mem-
branes may be r eo rgan i sed i n a f a u l t y manner and show 
lessened e f f e c t i v e n e s s as a b a r r i e r . 
McKersie and St inson (l980) germinated the seeds of 
Lotus co rn i cu l a tu s cv, c a r r o l l for 0, 12 and 24 hours and 
then subjected t o dehydrat ion t o s tudy the damage in the 
membrane. The d e s i c c a t i o n t o l e r a n t (0 and 12 hours) seeds , 
during r e i m b i b i t i o n , leaked l e s s e r q u a n t i t i e s of a l l so lu-
t e s ( i . e . t o t a l e l e c t r o l y t e s , potass ium, phosphate, sugar , 
amino ac ids and p r o t e i n ) . Des icca t ion s e n s i t i v e (24 hours) 
seeds h igher l e v e l s , but evidence of s e l e c t i v e pe rmeab i l i ty 
remained. I t was suggested t h a t the plasmalemma was not 
rup tu red or t o rn by the d e h y ^ a t i o n t r e a t m e n t , but a more 
s u b t l e s t r u c t u r a l a l t e r a t i o n s occur red . X-ray d i f f r a c t i o n 
r evea led t he p o s s i b i l i t y of the formation of a hexagonal 
r a t h e r than a l amel la r phase i n seed membranes, a t moisture 
con ten t s below 20%. Phosphol ipids were e x t r a c t e d from desi-. 
c c a t i o n t o l e r a n t (0 hours ) and d e s i c c a t i o n s e n s i t i v e (24 
hours) seeds and hydra ted t o 5,10,20 and 40% water . This 
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phosphol ipid water system was found t o be lamel la r even 
at 5% water . They f i n a l l y concluded t h a t the membrane 
damage and the leakage of cytoplasmic s o l u t e s from seed 
could not be expla ined by the formation of a hexagonal 
phase by membrane phospho l ip ids . 
Becwar et^ a l , (1982) examined the e f f ec t of dehydra-
t i o n on the leakage of e l e c t r o l y t e s and v i a b i l i t y in two 
spec ies of seeds t ha t do not se rv ive d e s i c c a t i o n . Leakage 
from Acer saccharinum seeds inc reased markedly as seed 
mois ture content f e l l from 45 t o 3 5% and germination dec-
reased from 97 t o 5%. The embryos of Chrysal idocarpus 
lu tescens showed an i n c r e a s e i n both i n i t i a l leakage and 
s teady s t a t e leakage r a t e s in response t o dehydrat ion from 
an o r i g i n a l moisttire content of 84 t o as low as 53%. I t 
was suggested t h a t t he membrane i n the de s i cca t i on s e n s i -
t i v e seed t i s s u e were damaged by dehydrat ion below a 
c r i t i c a l moisture c o n t e n t , 40% i n A, saccharinum seeds and 
55% i n C. l u t e scens embryos. This damage of the membrane 
c o n t r i b u t e s dehydrat ion induced lo s s of v i a b i l i t y . 
Murphy and Noland (1982) eva lua ted the p o s s i b i l i t y 
of t he involvement of membrane and water v i s c o s i t y in the 
temperature e f f e c t s on imb ib i t i on and so lu t e leakage by 
r a d i s h seeds and exc ised sugar pine embryos. The i n i t i a l 
r a t e s of water uptake and leakage of so lu t e s increased as 
t he temperature was r a i s e d through the range from 5 t o 35°C. 
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It was accounted for, primarily by changes in the viscosity 
of the imbibition medium. Heat killed seeds and embryos had 
significantly higher rates of imbibition and leakage of 
solute than did viable ones. It clearly indicated the invol-
vement of the membrane in both these processes. 
Givelberg et_ al, (198 4) reported a higher rate of 
leakage of electrolytes from the seeds of Solanum nigrum 
with an increase in temperature. The increase was promi-
nent in the first 3 hours of imbibition. The leakage of 
sodium ion was almost complete after 6 hours of imbibition 
both at 25 and 50°C but much more leaked at higher tempera-
ture. A marked increase in the rate of leakage of potassium 
occurred after 24 hours at 50 C, therefore, after 96 hours 
three times more potassium was lost at this temperature 
than at 25 C, Calcium and potassium continued to leak even 
after 6 hours with the same rate at both the temperatures. 
Higher temperature had a marked positive effect on the 
leakage of both proteins and nucleic acids. Malate dehydro-
genase was not detected in the lechates at the initial 
stages of imbibition but it appeared after 48 hours at 
50°C viiich proposed to be result of damage to the membrane. 
Schoettle and Leopold (1984) reported that solute 
leakage from imbibed soybean seeds increased with accele-
rated agening in a linear manner in the range over which 
vigour was depressed. It was noteworthy that increase in 
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leakage with a c c e l e r a t e d ageing were c l o s e l y a s s o c i a t e d 
with inc rease in a r e a s con ta in ing damaged c e l l s as evident 
from s t a i n i n g with Evans-blue . 
Doijode (1988) observed a decrease in the per cent 
germination of the seeds of e leven c u l t i v a r s of Capsicum 
annuum with an i n c r e a s e i n the per iod of inciuced ageing 
(40°c, 95% RH). The aged seeds e x h i b i t e d higher e l e c t r i c a l 
conduc t iv i ty and the con ten t of so lub le sugar in t he l e c h a t e . 
There was s i g n i f i c a n t v a r i a t i o n among the c u l t i v a r s as 
r egards the quantum of l e c h a t e s , however i t was more in 
those having poor germinat ion pe rcen tage , 
Doijode (1990) exposed the seeds of ten c u l t i v a r s 
°^ Allium cepa t o a temperature of 42 C and r e l a t i v e humidity 
of 95% for 1,2,4 and 8 days t o induce a r t i f i c i a l ageing. 
Out of ten only f ive c u l t i v a r s (Arka P r a g a t l , Poona Red, 
Chickbal lapur Local , C rys t a l wax and Nasik Red Globe) had 
high percentage of germinat ion a f t e r 4 days of ageing 
l i m i t , none of the seeds germinated a f t e r 8 days of ageing. 
The process of ageing favoured the leaching of e l e c t r o l y t e s 
and so lub le s u g a r s . The ageing per iod was p o s i t i v e l y c o r r e -
l a t e d with the leach ing of s o l u t e s and nega t i ve ly with seed 
v i a b i l i t y and vigour in var ious c u l t i v a r s of onion, 
2 .6 Effect of chemicals on qprowth of seedl ings 
The growth of the seed l ings l a r g e l y depends on 
c e r t a i n environmental f ac to r s which mainly inc ludes l i g h t . 
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tempera ture and the a v a i l a b i l i t y of water and n u t r i e n t s . 
However, equa l ly important i s the endogenous l eve l of hor -
mones, t h e i r i n t e r a c t i o n s with themselves and a l s o with the 
changing s e n s i t i v i t y of the t i s s u e s with growth. In add i t i on 
t o the n a t u r a l hormones, t he re are many man made subs t ances , 
very much s i m i l a r i n ac t i on t o n a t u r a l hormones, capable t o 
modify the h a b i t s of seed germinat ion and the growth of 
r e s u l t i n g s e e d l i n g s , i f added exogenously. These s y n t h e t i c 
compounds are t h e r e f o r e , being used very e x t e n s i v e l y in 
t r e a t i n g the seeds and the seed l ings t o poss ib ly under s tand 
the mechanism of a c t i on of endogenous hormones and to improve 
p lan t p r o d u c t i v i t y . 
P i n f i e l d et^ a l . ( l984) r e p o r t e d t h a t exogenous a p p l i -
c a t i on of 2,4-D (2-chloQ:o-diphenoxy a c e t i c ac id ) induced 
swel l ing of the hypocotyl base in the seed l ings of marrow. 
This e f f ec t of the auxin was coun te rac ted by presence of 
OA^  or k i n e t i n in the incuba t ion medium. The i n h i b i t i o n 
induced by 2,4-D on the ex tens ion growth in the hypocotyl 
could a l s o be overcome by GA .^ Another hormone ethaj^one 
(e thylene r e l e a s i n g s u b s t a n c e ) , induced responses very 
much s imi l a r to those of 2,4-D. However, most of these 
abnormal i t i es d isappeared I f 2,4-D was a s soc i a t ed with 
CoCl_ i n the medium. These observa t ions lead them t o con-
clude t h a t the pos s ib l e mechanism of the opera t ion of 2,4-D 
in the induc t ion of t he above symptoms was through the 
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induced syn thes i s of e thy lene i n the t i s s u e for wiiich t h i s 
auxin i n very well r ecognised . At the same time auxin a l so 
i n h i b i t e d the accumulation of endogenous g i b b e r e l l i n s but 
enhanced the l e v e l of cy tok in ins dur ing the development of 
s e e d l i n g s . 
Zhao-Zhou and Rui-chi (1984) noted an i n h i b i t i o n in 
the r a t e of e longa t ion and a decrease i n the fresh weight in 
e t i o l a t e d seed l ings of Pisum sativum exposed t o e thy l ene . 
The e f f e c t was however, n e u t r a l i z e d i f e thylene and f u s i -
cocc in (FC) were supp l ied t o g e t h e r , FC could not overcome 
the r educ t ion of DNA syn thes i s and c e l l d i v i s i o n , induced by 
e t h y l e n e . The c e l l wall m i c r o f i b r i l s got deposi ted l ong i -
t u d i n a l l y under the in f luence of e thy lene but t h e i r o r i en -
t a t i o n changed t o random depos i t ion by the add i t ion of FC. 
Fusdcoccin a l s o ovorcome the i l l e f fec t of e thylene on the 
uptake of K , H s e c r e t i o n and the r a t e of r e s p i r a t i o n . 
They t h e r e f o r e , proposed t h a t FC s t imula t ed t he r a t e of 
r e s p i r a t i o n , H s e c r e t i o n and K"*" up take , thus compelling 
the c e l l t o take up more water t o favour t h e i r swel l ing and 
e l o n g a t i o n . 
Nelson and Sharpies (1986) p r e - t r e a t e d l e t t u c e seeds 
with 0.5 mM of fus icocc in (FC) and incubated them a t 33 C 
for 10 h o u r s , a l t e r n a t i n g with 23°C. They observed an 
i n c r e a s e in the r a t e and t o t a l emergence of the seedl ings 
which could be fur ther improved i f FC was a s soc i a t ed with 
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GA or K. However, GA or K, i f used a lone , were not e f f e c t i v e . 
The growth of the r a d i c l e was i n h i b i t e d by FC, GA and/or 
K but both FC and GA s t imula ted the e longa t ion of hypocotyl . 
The use of lower concen t r a t ion ( .05 mM) of FC e x h i b i t e d the 
same t o t a l emergence as h igher c o n c e n t r a t i o n s and the i n h i -
b i t o r y e f fec t on r e d i c l e growth was very much reduced but 
the r a t e of emergence was s lower. 
Grossmann et_ a l . (1987) soaked the seeds of Glycine 
max i n aqueous s o l u t i o n s of two growth r e t a r d a n t s ( t e t -
c y c l a c i s and LAB 150978) for 3 minutes . The seed l ings r a i s e d 
from the seeds p r e - t r e a t e d with t h e s e chemicals , as compared 
with the c o n t r o l , were c h a r a c t e r i z e d with : ( i ) shoot 
growth was more markedly reduced than roo t growth, ( i i ) 
g i b b e r e l l i n content decreased , e s p e c i a l l y in the shoot t i p 
( i i i ) the leve l of a b s c i s s i c ac id decreased , p a r t i c u l a r l y in 
the primary leaf , e p i c o t y l and the r o o t . In c o n t r a s t , the 
l e v e l s of t r a n s - z e a t l n - r i b o s i d e and d i h y d r o - z e a t i n - r i b o s i d e 
type cy tok in ins were e l eva t ed s i g n i f i c a n t l y mainly in the 
primary leaf , e p i c o t y l and hypocoty l . However, the content 
of 3- indole a c e t i c a c i d , i n d i f f e r e n t p a r t s changed only 
s l i g h t l y , Ttiese obse rva t ions compelled them t o conclude 
t h a t both these growth r e t a r d a n t s not only decreased. The 
l e v e l of g i b b e r e l l i n bu t a l s o i n t e r f e r e d d i r e c t l y or 
i n d i r e c t l y with the r e g u l a t i o n of t h e endogenous l e v e l of 
cy tok in in and a b s c i s s i c ac id . This might expla in t he a d d i -
t i o n a l r o l e of growth r e t a r d a n t s i n the t r e a t e d p l a n t s e . g . 
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delayed senescence and enhanced ch lo rophy l l concen t ra t ion 
in the l eaves , 
Mathias et_ al_, ( l989) s e l e c t e d two c u l t i v a r s of Pi sum 
sativum, a laska and I t s dwarf mutant , d e f i c i e n t In endogenous 
gibbere111ns ( p r o g r e s s ) , for s tudying the e f fec t of exogenous 
GA on l l g ^ t Induced greening of e t i o l a t e d s e e d l i n g s . Progress 
accumulated ch lorophyl l and l i g h t h a r v e s t i n g ch lo rophy l l 
p r o t e i n , a s s o c i a t e d with photosyatem I I , (IHC-II) more 
r a p i d l y than a laska or GA t r e a t e d seed l ings of both the 
c u l t i v a r s , Alaska seed l ings had h igher c h l o r o p h y l l , a f t e r 
24 h o u r s , than t h e i r c o u n t e r p a r t s t r e a t e d with GA. Both the 
c u l t i v a r s (a laska and p rogress ) when t r e a t e d with GA e x h i b i -
ted i d e n t i c a l p a t t e r n for m c - I I accumulat ion. They a l s o had 
s i m i l a r p a t t e r n s of LHC-II mRNA induc t ion before and a f t e r 
being t r e a t e d with GA. I t I nd i ca t ed t h a t the d i f fe rences 
in the induc t ion of LHC-II mRNA were not r e spons ib l e for 
the va r i ed accumulation of LHC-II. In add i t ion t o t h i s a 
s i g n i f i c a n t c o r r e l a t i o n was found between ch lorophyl l and 
LHC-II content in each t r ea tmen t . They, t h e r e f o r e , concluded 
t h a t GA a l t e r s the p rogress of greening e i t h e r d i r e c t l y or 
i n d i r e c t l y because i t lead t o the accumulation of ch lo ro -
phyl l and LHC-II i n both the c u l t i v a r s in the same way. 
Rajput et^ al^, (1990) observed t h a t the au to t roph ic 
seed l ings of Cascuta d id not respond s i g n i f i c a n t l y in terms 
of shoot e l o n g a t i o n , to the exogenous a p p l i c a t i o n of 
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gibberellin and abscisslc acid both In the presence or 
absence of light. However, the seedlings treated with OA 
possessed low fresh weight and looked thinner than control. 
The other hormones, ethylene, cytokinin and higher concen-
tration of auxin a^diibited very marked growth inhibition 
which was accompanied by swelling of the stem. The seedlings 
treated with cytokinin exhibited differences in many respects 
from those treated with other hormones. The most prominent 
out of them was the formation of papillae. It was therefore, 
suggested that the autotrophic Cascuta seedlings respond to 
the hormones in some \Aiat the similar way except the forma-
tion of papillae and insensitivity to abscissic acid. 
2.7 Concluding Remarks : 
The a v a i l a b l e l i t e r a t u r e , reviewed above r e v e a l s 
t h a t not much work has been done on growth hormones with 
regard t o seed germination and leakage bf s o l u t e s . . 
Therefore , i t i s considered d e s i r a b l e t o undertake d e t a i l e d 
s t u d i e s of the germinat ion , leakage and growth of seed l ings 
as inf luenced by growth hormones, t empera tu re , l i g h t and 
dehydra t ion . 
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CHAPTER - 3 
MATERIALS AND METHODS 
3 , 1 Propoaed s t u d y 
The f o l l o w i n g s t u d l e a a r e p r o p o s e d t o be conduc ted 
w i t h a g o a l t o s t u d y t h e p a t t e r n of l e a k a g e of some of t h e 
s u b s t a n c e s from t h e s e e d s of two v a r i e t i e s of Pisum sa t ivum 
( c v . B o n e v i l l e and A r k e l ) « I n t o t h e s o a k i n g medium, d u r i n g 
t h e e a r l y s t a g e s of i m b i b i t i o n , under v a r i e d c o n d i t i o n s . I n 
a l l , f i v e e x p e r i m e n t s w i l l be u n d e r t a k e n . 
Exper iment 1 , i s e x p e c t e d t o i n d i c a t e t h e n a t i v e 
v a l u e s of d i f f e r e n t components i n t h e s eeds of bo th t h e 
c u l t i v a r s t o be e s t i m a t e d , d u r i n g t h e s e s t u d i e s . 
I n e x p e r i m e n t 2 t o 4 , t h e p a t t e r n of l eakage of t h e 
s u b s t a n c e s and i t s r e l a t i o n s h i p w i t h t h e m e t a b o l i c s t a t e 
of t h e c o t y l e d o n s and embryo under v a r i e d c o n d i t i o n s w i l l be 
o b s e r v e d . 
L a s t l y , i n e x p e r i m e n t 5 , a r e g u l a t o r y r o l e of c e r t a i n 
exogenous ly a p p l i e d hormcwie : on t h e l e a k a g e of t h e s u b s t a n c e s 
and seed m e t a b o l i s m , under s i m i l a r c o n d i t i o n s a s i n t h e 
p r e v i o u s e x p e r i m e n t s , w i l l be a p p r o a c h e d . 
3 . 2 Seeds 
The seeds of two varieties of pea (namely Boneville 
and Arkel) will be obtained from National Seed corporation. 
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I , A . R . I . New Delh i . The h e a l t h y seeds w i l l be sur face s t e r i -
l i z e d with 0.01% mercuric chlorl<te and r i n s e d t h r i c e with 
double d i s t i l l e d water . 
3.3 Experiment l 
The dry seeds of both the varieties of pea will be 
powdered and chemically analysed for the following t 
1. Nitrate contents 
2. Soluble and insoluble carbohydrate contents 
3. Soluble and insoluble protein contents 
4. Ca"*"*" and Na"*" content, and 
5,N p K contents 
3.4 Experiment 2 
The surface sterilized seeds of both the varieties 
will be allowed to germinate In separately plastic trays in 
sufficient quantity of ionized water at 24 + 2°C in : 
a) Dark 
b) Diffused l lQ^t (9 WM*^ ) 
c ) Bright l i g h t (18 WM~^ ) 
The samples for chemical a n a l y s i s w i l l be picked a t 
an i n t e r v a l of 3 , 6 , 12, 18, 24 , 30, 3 6 and 48 hot i r s , a f t e r 
soaking. At each sampling, moisture l eve l of some of the seeds 
w i l l be determined v ^ i l e In t he r e s t t he seed coat wi l l be 
removed and t h e coty ledons and embryo w i l l be analysed 
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separately for the following characteristics i 
1. Nitrate reductase activity 
2. peroxidase activity 
3. NitSate contents 
4. soluble and insoluble carbohydrate contents 
5. soluble and insoluble protein contents 
6. ca"*"*" and Na"*" contents, and 
7. N P K contents 
3.5 Experiment 3 
The surface sterilized seeds of both the varieties 
will be allowed to imbibe in petriplates with a known amount 
of double distilled water at 24 + 2°C in the 
a) Dark 
b) Diffused l i g h t (9 WM"^) 
c) Bright l i g h t (18 WM~^ ) 
These hydra ted seeds with I n t a c t seed coat wi l l be 
expected t o leake c e r t a i n subs tances i n t o the soaking medium 
viiich w i l l be analysed for the fo l lowing , a t an i n t e r v a l of 
3 ,6 ,12 ,18 ,24 ,30 ,36 and 48 h o u r s , a f t e r soaking i n each s e t . 
1. Nitrate contents 
2. Total carbohydrate contents 
3. Total protein contents 
4. Ca"*"*" and Na"*" contents, and 
5.: N p K contents 
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3.6 Experiment 4 
The surface s t e r i l i z e d seeds of both the v a r i e t i e s 
w i l l be imbibed in ionized water for 1 or 2 hours i n the 
presence or absence of l i g h t . These hydrated seeds w i l l be 
dehydrated at 2 5 , 30, 3 5 and 40°c in l i g h t or dark. These, 
t r e a t e d dehydrated seeds w i l l again be hydrated i n a knovm 
q u a n t i t y of ionized water i n t 
a) Dark 
b) Diffused l i g h t (9 WM"^) 
c ) Bright l i g h t (18 WM~^ ) 
The soaking medium will be chemically analysed for 
the leaked substances as mentioned in experiment 3. Biolo-
gical samples will be collected 3, 6, 12, 18, 24, 30, 36 and 
48 hours, after rehydration. Some of the seeds, from each 
sampling, will be quantitatively analysed for their water 
content and the rest of them will be subjected to chemical 
analysis for the following characteristics in the cotyledons 
and embryo separately. 
1. Nitrate reductase activity 
2. Peroxidase activity 
3. Nitrate contents 
4. Soluble and insoluble carbohydrate contents 
5. Soluble and insoluble protein contents 
6. C,h and Na contents, and 
7. N P K contents 
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3.7 Experiment 5 
This £inal experiment %*111 be performed in two 
jiiases : 
(A) The surface sterilized seeds of both the varieties will 
be soaked In lO'^ , lO" , lO"^ and lO"'* M solutions of lAA, 
IBA and/or GA for 1 or 2 hours in either : 
a) Dark 
b) Diffused light (9 WM"^) 
c) Bright light (18 WM""^ ) 
The treated seeds will be washed with double distilled 
water to remove the adhering solution and then transferred 
to petriplates containing a known quantity of double disti-
lled water. These plates will be placed in : 
a) Dark 
b) Diffused l i g h t (9 WM~^ ) 
c) Bright l i g h t (18 WM~^ ) 
In each s e t , the fol lowing subs tances i n the soaking 
s o l u t i o n wi l l be e s t ima ted a t an I n t e r v a l of 3 , 6, 12, 18, 
24 , 30, 36 and 48 hours a f t e r i n i t i a l soaking period ( i t 
w i l l a l s o inc lude the dura t ion for which the seeds have been 
kept i n the hormones s o l u t i o n ) . 
1. Nitrate contents 
2. Total carbohydrate contents 
3, Total protein contents 
4, Ca and Na contents, and 
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5. N P K contents 
At each above sampling, the Imbibed seeds left in 
petriplates, after the decantation of the soaking medium, 
will be subjected to chemical analysis. The seeds coat will 
be removed and the cotyledons and embryo will be analysed 
for the following components, separately 
1. Nitrate reductase activity 
2. Peroxidase activity 
3. Nitrate contents 
4. Soluble and insoluble carbohydrate contents 
5. soluble and insoluble protein contents 
6, Ca"*" and Na"*" contents, and 
7. N P K contents 
(B) The surface sterilised seeds will be treated with the 
hormones in the same way as in A, above. These treated seeds 
from each set, will be dehydrated, separately in the presence 
or absence of light at 25, 30, 35 and 40°C. 
Treated, dehydrated seeds will then be allowed to 
imbibe in a known quantity of Double Distilled Water in 
petriplates separately under j 
a) Dark 
b) Diffused l i g h t (9 WM~^ ) 
c) Bright l i ^ ^ t (18 WM~^ ) 
The soaking medium and the b i o l o g i c a l samples wi l l 
be assessed for d i f f e r e n t c h a r a c t e r i s t i c s i n the same way 
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as i n A, above. Every sample* i n a l l the experiments wi l l be 
r e p l i c a t e d , a t l e a s t , t h r e e t i m e s . Each experiment w i l l be 
repea ted once. 
3.8 Chemical a n a l y s i s 
The fol lowing parameters have been s e l e c t e d for chemi-
ca l a n a l y s i s i n t h e b i o l o g i c a l m a t e r i a l . 
3 . 8 . 1 Es t imat ion of N i t r a t e Reductase Ac t iv i ty : 
N i t r a t e r educ ta se a c t i v i t y (NRA) i n the cotyledons and 
embryos wi l l be e s t ima ted according t o the method of Jaworski 
(1971). Biological samples wi l l be cut i n t o small p ieces of 
which 200 mg w i l l be weighed and t r a n s f e r r e d t o polythene 
v i a l s (25 ml ) , 2.5 ml of phosphate buffer (appendix 1 .1) , 
0,5 ml of 0 .2M potassium n i t r a t e (appendix 1.2) so lu t i on and 
2 .5 ml of 5% isopropanol w i l l be added. At l e a s t two drops 
of chloramphenicol wi l l a l s o be added t o check b a c t e r i a l 
growth in the t e s t sample. These v i a l s w i l l be incubated 
i n a BOD incuba to r a t 30 c for 4 hoxirs i n the dark. 
3 . 8 . 1 . 1 Colour Development : 
In a t e s t tube 0.4 ml of t e s t e x t r a c t and 0.3 ml each 
of aulphanilamide and nephthyl e thy lene diamine dihydrochlor ide 
ac id (NED-HCl, appendix 1 .3 , 1.4) w i l l be added. A pink colour 
w i l l develop. The sample w i l l be l e f t for 20-30 minutes for 
maximum colour development, a f t e r which i t w i l l be d i l u t e d 
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upto 5 ml with double d i s t i l l e d water and sample w i l l read 
a t 540 nm using •'Spectronlc~20*' c o l o r i m e t e r . I t w i l l be 
c a l i b e r a t e d for 100% t r ansml t t ance by using a blank cons i s t i ng 
of 4.4 ml water and 0,3 ml each of sulphanilamide and NED-4iCl. 
Standard curve wi l l be p l o t t e d by using graded con-
c e n t r a t i o n s of potassium t x i t r i t e . Opt ica l dens i ty of the t e s t 
e x t r a c t w i l l be compared with the h e l p of the c a l i b e r a t e d 
curve and NRA w i l l be c a l c u l a t e d i n terms of n moles NO^  g~ . 
3 .8 ,2 Cata lase and Peroxidase A c t i v i t y : 
Cata lase and peroxidase a c t i v i t y w i l l be determined 
by using the procedure adopted by chance and Maehly (1955). 
3 . 8 . 2 . 1 Ex t r ac t i on : 
200 mg sample w i l l be homogenised in 10 ml of 0, IM 
phosphate bu f f e r . pH 6.8 (appendix 2 .1) and cen t r i fuged at 
17000 rpm a t 2 C for 15 minutes , TTie c l e a r superna tan t wi l l 
be used as a source of c a t a l a s e and peroxidase enzymes, 
3 . 8 . 2 . 2 Cata lase assay : 
5 ml of the assay mixture for the c a t a l a s e a c t i v i t y 
w i l l con ta in 300 ja moles of phosphate bu f f e r , pH 6 . 8 , 100 jut 
moles of H2O2 (30%) and 1 ml of t he enzyme e x t r a c t d i l u t e d 
two t i m e s . The t e s t tube w i l l be incubated in a BOD incubator 
a t 25°C for 1 minute. The r e a c t i o n w i l l then be stopped by 
the a d d i t i o n of lO ml of 256 H2SO4 (v/v) and the r e s i d u a l H2O2 
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w i l l be t i t r a t e d aga in s t O.OIN KHnO^ (appendix 2 .2) u n t i l 
f a i n t purple colour p e r s i s t for a t l e a s t 15 s e c , 
A c o n t r o l s e t i n which t he enzyme a c t i v i t y w i l l be 
s topped a t ' zero* t ime , w i l l a l s o be run s imul taneously 
one u n i t of c a t a l a s e a c t i v i t y w i l l be defined as t h a t amount 
of enzyme which breaks 1 p. mole of HjOj per minute under 
t he assay c o n d i t i o n s , 
3 . 8 , 2 , 3 Peroxidase assay : 
j5 ml of the assay mixture for the peroxidase a c t i v i t y 
wil l con ta in 125 ju moles of 0,IM phosphate bu f fe r , pi 6.8 
(appendix 2 .1) 50 ji moles of p y r o g a l l o l (appendix 3 , 1 ) , 50 ji 
m oles of H2O2 (30%) and 1 ml of t he enzyme e x t r a c t d i l u t e d 
2 0 t i m e s . I t w i l l be incubated i n a BOD incubator a t 25°C 
for 5 minute a f t e r viiich t h e r e a c t i o n wi l l be stopped by 
adding 0,5 ml of 5% H2SO^ ( v / v ) . Light orange colour wil l 
develop. The amount of pu rpuroga l l in formed w i l l be d e t e r -
mined by reading the absorbance at 42 0 nm using "Spect ronic-
20" co lo r ime te r . A c a l i b r a t e d s t andard curve wi l l be p l o t t e d 
by t ak ing graded concen t r a t i ons of pure pu rpuroga l l in . 
3 . 8 . 3 Es t imat ion of a u x i n - l i k e subs tances : 
This w i l l be done by us ing t h e s p l i t pea-stem 
curva tu re t e s t . 
46 
3 . 8 . 3 . 1 Standard aux ln - so lu t l on i 
20 rag of i n d o l e - 3 - a c e t i c ac id w i l l be d i s so lved in 
2 ml of 0. IN sodium hydroxide s o l u t i o n i n a 100 ml volumetric 
f l a s k . To t h i s w i l l be added about 80 ml of d o u b l e - d i s t i l l e d 
water and the pH n e u t r a l i s e d by the a d d i t i o n of 0.IN hydro-
c h l o r i c a c i d . Ttie volume w i l l f i n a l l y be made upto 100 ml 
with water . Graded concen t ra t ions of t h i s s tandard so lu t i on 
w i l l be used t o p lo t a s tandard curve , 
3 . 8 . 3 . 2 S p l i t pea-stem curva tu re t e s t : 
Kent and Oorther ( l 9 5 l ) w i l l be followed for t h i s 
a n a l y s i s . 
3 . 8 . 3 . 3 Rais ing of s eed l ings : 
Surface s t e r i l i z e d pea seeds w i l l be soaked i n water 
for about 24 hour t o ensure seed v i a b i l i t y , "rtie seed l ings 
w i l l be r a i s e d i n acid-washed sand i n p l a s t i c t r a y s and 
p laced i n BOD incuba to r a t 27+2 C i n continuous dark. 
Complete n u t r i e n t s o l u t i o n w i l l be given t o t he seed l ings 
as and v^en r e q u i r e d . Blue-green l i g h t w i l l be used during 
i n s p e c t i o n . From the seventh day onwards, r e d - l i g h t exposure 
w i l l be given da i ly for 2 0-40 minute. Harves t ing w i l l be done 
i n red l i g h t when the 4th in t e rnode i s about 5 mm long. The 
stem w i l l be s p l i t t e d by making a l o n g i t u d i n a l cut through 
the upper par t of the in te rnode Jus t below the f i r s t bud. 
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3.8.3 .4 Extraction : 
Auxin-like substances vd.Il be extracted from the 
t e s t material according t o the method of s i rcar and Das (1954). 
0,75 g of sample n e t e r l a l wil l be ground finely in a 
glass mortar for 3 minute with 5 ml of water and an equal 
quant i ty of spec ia l ly cleaned sand. The thoroughly ground 
material will be careful ly t ransfer red to a 25 ml pyrex-glass 
centrifuge tube, the residue remaining in the motrar will be 
t ransfer red to the tube by three washings with 10 ml of 
water. The material wil l be centrifuged at 4000 rpm for 15 
minute. The supernatant wil l be t ransfer red t o a measuring 
flask and wil l be su i tably di lu ted and assayed for auxin 
a c t i v i t y , 
3 .8 .3 .5 Measurement of Pea-curvature : 
From the harvested seedlings (page 46 ) 5 to lO s p l i t -
stems of 3,5 cm size each having a 3 cm longitudinal cut , will 
be placed in pe t r i p l a t e s with 20 ml of t e s t solution for 2 4 
hours in the dark. Hiese s p l i t sect ions are expected to show 
two types of curvatures depending on the concentrations of 
the auxin-like substances in the t e s t solutions (a) outward 
cuirvature which i s regarded as negative angle produced at 
the lower concentrations of auxin (b) inward curvature which 
i s considered as pos i t ive angle produced at the higher con-
centra t ions of auxin. 
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Outward curvature wil l be measured as the angle (/3) 
between the unsp l i t par t of the sect ion and the tangent at 
the extreme t i p and at the point of in f lec t ion of the lower 
part of the arm. 
Relative auxin- l ike substances will be calculated 
with the help of the ca l ib ra ted curve, plot ted by using 
graded concentration of indole-3-acet ic acid. 
3.8.4 Estimation of Ni t ra te : 
Ihe n i t r a t e content wil l be estimated following the 
method of Johnson and Ulrich (1950). 
3 .8 .4 .1 Preparation of powder : 
Plant sample wi l l be dr ied , over night , in an oven at 
aO^C, These samples wi l l be grinded in an e l e c t r i c grinder 
and the powder passed through a 72 mesh screen and stored 
in polythene bags for the analysis of n i t r a t e , F.ach sample, 
before ana lys is , will again be dried over night in an oven 
at 80 c on a clean sheet of paper. In the morning the samples 
will be placed in a dessicator for 15 minute for cooling 
under dry condit ions. 
3.8.4.2 Extraction and colour development : 
50 mg of the above powder wi l l be w e i r e d and t r ans -
ferred to a dried centrifuge tube 2 5 ml with the addition 
of 400 mg of calcium sulphate and 12.5 ml of double d i s t i l l e d 
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water. The sample wi l l be centrifuged for 10 tninute a t 6000 
rpm. Ihe supernatant wil l be t ransferred t o a 50 ml conical 
f lask containing 1 ml of 0.5X calcium carbonate suspension. 
The excess solut ion wil l be evaporated at water-bath leaving 
the f ina l volume t o 5 ml only. 0,5 ml of H-O, (30%) wil l be 
added t o the above solut ion and the flask will be closed with 
a l i d . The l i d will be removed and the solution in the flask 
wi l l be heated further t o dryness in a water-bath in order t o 
remove the peroxide. The flask wil l cooled and 1.2 5 ml of 
phenol-di-aulphonic acid (appendix 4,1) will be rapidly added 
with continuous s t i r r i n g , 35 ml of d i s t i l l e d water will also 
added to t h i s solut ion. Last ly, 3 ml of 50% arrmonium hydro-
xide solution will be pipetted i n to i t , yellow colour developed. 
The transmittance wi l l be noted, af ter 15 minute a t 400 nm 
using a "Spectronic-20" colorimeter. A standard curve was 
p lo t ted using the graded concentrations of standard n i t r a t e 
so lu t ion . 
3.8.5 Estimation of Proteins : 
Protein level in the samples wil l be determined by 
following the method of Lowry et^ al^. (1951). 
3 .8 .5 .1 Extraction of soluble and insoluble proteins : 
50 mg of the fresh plant mater ial will be t ransferred 
t o a mortar and grounded with the addition of 5 ml of d i s -
t i l l e d water and col lec ted in a centrifuge tube with a t l ea s t 
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two washings. The sample w i l l be cen t r i fuged a t 4000 rpm 
for 10 minute. The superna tan t w i l l be c o l l e c t e d in a 25 ml 
volumetr ic f l a sk t o g e t h e r with two washings of the res idue 
with d i s t i l l e d water . The volume w i l l be made upto the mark 
with d i s t i l l e d water and preserved for the e s t ima t ion of 
so lub l e p r o t e i n s . 
To the above r e s i d u e , 5 ml of 5% TCA ( t r i c h l o r o a c e t i c 
ac id ) w i l l be added and allowed t o s t and , a t room temperatxare 
for 3 0 minute with thorough shaking . I t w i l l be then c e n t r i -
fuged a t 4000 rpm for 10 min and the superna tan t d i scarded . 
5 ml of IN sodium hydroxide w i l l be thoroughly mixed with 
the res idue and al lowed t o s tand i n a water-bath a t 80 c for 
30 minute. The s o l u t i o n wi l l be allowed t o cool and c e n t r i -
fuged a t 4000 rpm. The superna tant toge ther with t h r e e washings 
with IN sodium hydroxide w i l l be c o l l e c t e d in 25 ml volumetr ic 
f l a s k . The volume wi l l be made upto the mark with IN sodium 
hydroxide and used for the e s t ima t ion of in so lub le p r o t e i n . 
3 . 8 . 5 , 2 Colour development of so lub le p ro t e in : 
One ml of the above water e x t r a c t w i l l be t r a n s f e r r e d 
t o a 10 ml t e s t tube and 5 ml of Reagent C (appendix 7.3) wi l l 
be added t o i t . The s o l u t i o n w i l l be mixed well and allowed 
t o s tand for 10 minute a t room temj>erature, 0.5 ml of Reagent 
E (appendix 7 .5) w i l l be added r a p i d l y with thorough mixing. 
After 30 minute blue coloured s o l u t i o n wi l l be t r a n s f e r r e d 
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t o a c o l o r i m e t r l c tube and the per cen t t r ansmi t t ance wi l l 
be noted as 660 nra on a ••Spectronic-20" co lo r ime te r , A blank 
wi l l be run with each sample. The so lub le p r o t e i n content 
w i l l be c a l c u l a t e d by comparing the o p t i c a l dens i ty of each 
sample with a c a l i b r a t i o n curve p l o t t e d by tak ing known 
d i l u t i o n s of a s t andard s o l u t i o n of egg-albumin. 
3 . 8 . 5 , 3 Colour development of i n s o l u b l e p ro te in : 
One ml of the sodium hydroxide e x t r a c t w i l l be 
t r a n s f e r r e d t o a 10 ml t e s t tube and 5 ml of Reagent D 
(appendix 7.45 w i l l be added t o i t . Ttie so lu t i on w i l l be 
mixed well and allowed t o s tand for lO minute a t room temp-
e r a t u r e 0,5 ml of Reagent E (appendix 7 ,5) w i l l be added 
r a p i d l y with immediate mixing. After a lag of about 3 0 
minutes the measurement of the i n t e n s i t y of the colour and 
other c a l c u l a t i o n s were made i n the same way as in so luble 
p r o t e i n , 
3 , 8 , 6 , Es t imat ion of Carbohydrates : 
Carbohydrate content i n t he p l an t ma te r i a l w i l l be 
es t ima ted as follows : 
3 , 8 , 6 , 1 P repa ra t ion of powder : 
The p lan t samples w i l l be d r i e d , overn igh t , i n an 
oven run a t 80 c . Each sample w i l l be ground t o a f ine 
powder in an e l e c t r i c g r inder and passed through 72 mesh 
sc reen . 
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3 . 8 . 6 , 2 Ex t r ac t i on and colour development r 
The carbohydrates w i l l be e x t r a c t e d by the method of 
Yih and Clark (l965) and es t ima ted following t h e method of 
Dubois et^ ^ . (1956). 
Su f f i c i en t amount of powder w i l l be sprayed on a clean 
shee t of paper and d r i e d overnight in an oven running a t 80°c. 
These dr ied samples w i l l be cooled in a d e s s i c a t o r for about 
10 minute before weighing, 
50 mg of each sample w i l l be weighed and t r a n s f e r r e d 
t o a 20 ml g la s s cen t r i fuge t u b e . Each t u b e , 5 ml of 1.5N 
s u l p h u r i c a c i d (appendix 6.1) w i l l be added. Diges t ion of 
the powder w i l l be completed by keeping the tube in a water-
bath for 2 hour a t 90-95°C, The d ige s t ed sample wi l l be cent r l -
fuged at 4000rpm and the superna tan t c o l l e c t e d in a 25 ml 
volumetr ic f l a sk with two washing and the f i n a l volume made 
up with water . One ml of t h i s e x t r a c t wi l l be d i l u t e d as 
r e q u i r e d , depending upon t h e p l a n t organ being analysed. 
One ml of t h i s d i l u t e d sample w i l l be taken in a t e s t tube 
t o v^ich one ml of water and one ml of 5% aqueous phenol 
s o l u t i o n (appendix 6.2) w i l l be added. The t e s t tube wi l l 
be p laced in a beaker con ta in ing c h i l l e d water and 5 ml of 
concen t ra ted su lphu r i c a c i d w i l l be p i p e t t e d quickly i n t o i t . 
After ha l f an hour , the pink coloured so lu t i on wi l l be t r a n s -
f e r r e d t o a c o l o r i m e t r l c tube and t r ansmi t t ance noted at 490 
nm using a "Spectronic-20'* c o l o r i m e t e r . A blank wi l l be 
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r u n s i m u l t a n e o u s l y w i t h e a c h s e t of s a m p l e s . C a l i b r a t i o n 
c u r v e w i l l be o b t a i n e d by u s i n g known d i l u t i o n s of a s t a n -
d a r d a q u e o u s s o l u t i o n of g l u c o s e . 
3 . 8 . 7 E s t i m a t i o n of c h l o r o p h y l l p i g m e n t s : 
T o t a l c h l o r o p h y l l p i g i o e n t s w i l l b e e s t i m a t e d a c c o r d i n g 
t o t h e me thod of Mack inney ( 1 9 4 1 ) , 
One gram of t h e f r e s h s e e d m a t e r i a l w i l l be g r o u n d i n 
a m o r t a r i n t h e p r e s e n c e of s u f f i c i e n t amount of 80% a c e -
t o n e . The e x t r a c t w i l l be f i l t e r e d and s u p e r n a t a n t c o l l e c t e d 
i n t h e v o l u m e t r i c f l a s k . I t i e r e s i d u e w i l l be washed r e p e a -
t e d l y and e a c h t i m e t h e w a s h i n g c o l l e c t e d w i t h t h e s u p e r -
n a t a n t . F i n a l l y t h e v o l u m e of t h e e x t r a c t w i l l be made up 
w i t h 80% a c e t o n e u p t o 10 m l . The t r a n s m i t t a n c e of t h e e x t r a c -
t e d s o l u t i o n w i l l be d i r e c t l y r e a d a t 553 nm, and 645 nm on 
a " S p e c t r o n i c - 2 0 " c o l o r i m e t e r . The v a l u e s of o p t i c a l d e n s i t y 
( o , D , ) i n e a c h c a s e w i l l be s u b s t i t u t e d i n t h e f o l l o w i n g 
f o r m u l a . 
T o t a l c h l o r o p h y l l mg/g = 2 0 . 2 ( D 645) + 8 . 0 2 (D 6 6 3 ) x — ^ 
lOOOxW 
w h e r e V = v o l u m e of t h e s o l u t i o n i n ml 
W n w e i g h t of t h e s e e d s i n gm, 
2 0 , 2 and 8 , 0 2 a r e d i l u t i c x i f a c t o r s , 
3.8,8 Estimation of NPK : 
The fol lowing methodology w i l l be followed for the 
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e s t i m a t i o n of n i t r o g e n , phosphorus and potassium i n p lan t 
samples. 
3 . 8 . 8 . 1 Digest ion of povder : 
100 mg dry powder of the sample wi l l be taken in a 
50 ml Kjeldhal f l a s k . To, t h i s 2 ml of concent ra ted s u l -
phur ic ac id (AR) wi l l be added and the mixture h e a t e d , on a 
d i g e s t i o n r ack , for 2 hour . The c o n t e n t s are expected t o 
t u r n black in t h i s d u r a t i o n . After cool ing for 15 minute, 
0.5 ml of chemical ly pure H2O2 (30%) wi l l be added drop by 
drop and t h i s procedure wi l l "be r epea t ed t i l l a c l e a r 
s o l u t i o n o b t a i n . The peroxide d i g e s t e d ma te r i a l w i l l be 
t r a n s f e r r e d t o a 100 ml volumetr ic f l a sk with a t l e a s t 
t h r e e washing with d i s t i l l e d water and the volume made upto 
the mark. 
3 . 8 . 8 . 2 Colour development of n i t rogen : 
Nitrogen wi l l be es t imated fol lowing the method of 
Linder (1944). 10 ml a l i quo t of the peroxide d iges t ed ma te r i a l 
w i l l be taken in a 50 ml volumetr ic f l a sk t o v^ich 2 ml of 
2,5N sodium hydroxide and 1 ml of 10% sodium s i l i c a t e so lu -
t i o n wi l l be added t o n e u t r a l i s e excess of ac id and t o 
prevent t u r b i d i t y , r e s p e c t i v e l y . The volume of the so lu t i on 
w i l l be made upto the mark with d i s t i l l e d water . In a lO ml 
graduated t e s t t u b e , 5 ml of t h i s so lu t i on wi l l be p i p e t t e d 
t o vdiich 0.5 ml N e s s l e r ' s reagent (so) w i l l be added. 
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The f i n a l volume w i l l be made upto lO ml vdth 
d i s t i l l e d water . After wai t ing fco: 5 minute for maximum 
colour development, the t r ans ra i t t ance of the s o l u t i o n wi l l 
be determined a t 525 nm cx\ "Spec t ron ic 2 0" co lo r ime te r , A 
blank c o n s i s t i n g of d i s t i l l e d water and N e s s l e r ' s reagent 
w i l l be run s imul taneously with each sanp le , A s tandard 
cu rve , taking known d i l u t i o n s of a s tandard ammonium sulphate 
s o l u t i o n , wi l l be p l o t t e d . The read ing of each sample wil l be 
compared with t h i s c a l i b r a t i o n curve and n i t rogen wi l l be 
expressed in terms of percentage on dry weight b a s i s , 
3 , 8 . 8 , 3 Colour development of phosphorus : 
Phosphorus content i n t h e s u l p h u r i c ac id peroxide 
d iges t ed m a t e r i a l (page 54 ) w i l l be es t imated by the method 
of Fiske and Subba Row (1925), 5 ml of the a l i q u o t w i l l be 
t aken in a 10 ml graduated t e s t tube and 1 ml of molybdic 
ac id (appendix 5,2) w i l l be added c a r e f u l l y followed with 
the add i t ion of 0,4 ml of l -amino-2-naphthol -4-su lphonic 
aCid (appendix 5 , 3 ) , Blue co lour w i l l develop. D i s t i l l e d 
water w i l l be added t o make up the volume t o 10 ml. The 
o p t i c a l dens i ty of the s o l u t i o n w i l l be r e a d , a f t e r 5 
minutes a t 620 nm on a "Spect ronic-20" co lo r ime te r . A blank 
w i l l be run s imul taneous ly with each de te rmina t ion . Standard 
curve w i l l be prepared by using known concen t ra t ion of mono-
bas ic potassium phosphate s o l u t i o n . The o p t i c a l dens i ty of 
each sample w i l l be compared with t h i s curve and phosphorus 
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content will be computed Interms of percentage on c3ry 
weight basis, 
3.8.8.4 Estimation of potassium : 
Potassium content in the digested aliquot (page 54) 
will be directly estimated flame photometrically following 
the procedure explained by Singh (1988) by using potassium 
filter. A blank will be run side by side. The reading will 
be compared with a calibration curve plotted by using known 
dilutions of a standard potassium chloride solution. 
3.8.9 Estimation of calcitun and sodium : 
Calcium and sodium will be estimated following the 
procedure given by Sinq^ (1988). 
3,8.9.1 Digestion of plant material : 
50 mg of the oven dried plant material will be taken 
in a 50 ml volumetric flask. 2 ml concentrated nitric acid 
will be poured into it and heated on a hot plate till brown 
effervescence will be produced.At this stage, sufficient 
quantity of "TAM" solution will be added to make the 
solution clear and then heated to dryness. Sufficient 
quantity of double distilled water will be added and the 
solution transferred to another 50 ml volumetric flask with 
three washings. The final volume will be made upto the mark 
with the addition of double distilled water. This digested 
material will be used for the estimation of both calcium 
and sodium. 
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3.8.9.2 Estimation of calcium s 
Flame photometer will be used to read the calcium 
content in the digested samples with the help of calcium 
filter. Per cent quantity of the element will be calculated 
by comparing the readings on a standard curve plotted by 
using known dilutions of calcium carbonate. 
3.8.9.3 Estimation of sodium : 
Flame photometer will be used to read the sodium 
content in the digested samples with the help of sodium 
filter. Per cent quantity of the element will be calculated 
by comparing the readings on a standard curve plotted by 
using known dilutions of sodium bicarbonate, 
3.9 Statistical analysis 
Ihe experimental data will be analysed statistically 
following the procedures explained by Panse and Sukhatme 
(1985). In applying the 'f* tests, the error due to repli-
cates will also be determined. If 'f• value will be found 
to be significant, at the 5 per cent level of probability, 
critical difference (C.D,) will be calculated. 
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A P P E N D I X 
APPENDIX 
PREPARATION OF REAGENTS 
Tile v a r i o u s r e a g e n t s u s e d f o r b i o c h e m i c a l d e t e r m i -
n a t i o n s w e r e p r e p a r e d a c c o r d i n g t o t h e f o l l o w i n g m e t h o d s . 
1.0 Reagents for the e s t ima t ion of n i t r a t e reduc tase a c t i v i t y 
1.1 Phosphate buffer (pH 7 .5 ) 
(a) 13.6 g potassium dihydrogen orthophosphate (KH2PO.) was 
d i s so lved in s u f f i c i e n t double d i s t i l l e d water and the f i n a l 
volume was adjus ted upto 1 l i t r e . 
(b) 17.42 g dipotassiura raonohydrogen orthophosphate (KjHpO.) 
was d i s so lved in s u f f i c i e n t double d i s t i l l e d water and the 
f i n a l volume was made upto 1 l i t r e . 
(c) 160 ml of s o l u t i o n (a) and 840 ml of so lu t i on (b) was 
mixed in order t o get pH 7 . 5 . 
1.2 Potassium n i t r a t e (Q;2M) 
2.02 g potassium nitrate was dissolved in enough 
double distilled water and the final volume was made upto 
100 ml. 
1.3 Sulphanilamide s o l u t i o n (1%) 
1 g sulphanilamide powder was dissolved in 100 ml 
3N HCl. 
i i 
1.4 NED-HCl s o l u t i o n (0.02%) 
20 mg NEI>.HCL N-1-(naphthyl ) -e thy lene diamine dlhydro-
c h l o r i c ac id was d i s so lved In 100 ml double d i s t i l l e d water , 
2 .0 Reagents for t h e de terminat ion of c a t a l a s e a c t i v i t y 
2 .1 Phostiiate buffer (pH 6.8) 
Stock s o l u t i o n s of VHyPO. and K2HPO were prepared as 
given e a r l i e r In the method of NR a s say . 49 ml of K2HP0^ 
s o l u t i o n was mixed with 51 ml KH2PO. s o l u t i o n . Final volume, 
200 ml was made with double d i s t i l l e d water . 
3.0 Reagents fo r the e s t ima t ion of Peroxidase 
3 .1 Pyroga l lo l (50 giM) 
63 mg of p y r o g a l l o l d i s so lved In 100 ml of double 
d i s t i l l e d water . One ml of t h i s i s d i l u t e d t o 100 ml. Final 
s o l u t i o n wi l l be of 50 }iM, 
4.0 Reagents for the e s t ima t ion of n i t r a t e 
4 .1 Phenoldlsulphonic ac id reagent 
25 g pure v*ilte phenol (AR) was d i sso lved in 150 ml of 
pure concen t ra ted su lphu r i c ac id t o which 75 ml fuming 
s u l p h u r i c ac id was added (13% SO^). 'Vhe s o l u t i o n was heated 
for about 2 hours a t 100°C In water -ba th and cooled . This 
s o l u t i o n was kept In a dark b o t t l e i n r e f r i g e r a t o r , 
5.0 Reagents for the de te rmina t ion of N and P 
5.1 N e s s l e r ' s reagen t 
(a) 3.5 g potassium Iod ide was d i s so lved in 100 ml double 
i i i 
d i s t i l l e d water t o which 4% mercuric chloride was mixed with 
continued s t i r r i n g t i l l a s l igh t red p rec ip i t a t e remained 
(about 325 ml of the solut ion was required) . 
(b) 120 g of sodium hydroxide was dissolved in double 
d i s t i l l e d water and f ina l volume made upto 250 ml. 
(c) solutions (a) and (b) were mixed together and diluted 
to 1 l i t r e with double d i s t i l l e d water. The solution was 
stored in an amber coloured bo t t l e in r e f r ige ra to r . 
5.2 Molybdic acid reagent (2.5%) 
6.25 g ammonium molybdate was dissolved in 75 ml ION 
H^SO , To this solution, 175 ml double distilled water was 
added in order to get 250 ml of the above reagent. 
5.3 Aminonaphthol sulphonic acid 
0,5 g l-amino-2-naphthol-4-sulphonic acid was dissolved 
in 195 ml 15% sodium bisulphi te solut ion t o which 5 ml of 
20% sodium sulphi te solut ion was added. The above solution 
was stored in a dark coloured b o t t l e , 
6.0 Reagents for the estimation of carbohydrate 
6.1 Sulphuric acid (l.5W) 
10.20 ml pure sulphuric acid (AR) was added t o enough 
double d i s t i l l e d water and f ina l volume was made upto 
250 ml. 
iv 
6.2 Phenol (5%) 
5 ml distilled phenol was mixed with 95 ml double 
distilled water, 
7.0 Reagents for the eatimatlon of protein 
7.1 Reagent A 
2% sodium carbonate was mixed with O.lN sodium hydro-
xide ( 1 : 1 ) . 
7.2 Reagent B 
0,5% copper su lpha te was added t o 1% sodium t a r t r a t e 
( 1 : 1 ) . 
7.3 Reagent C ( a l k a l i n e copper su lpha te s o l u t i o n ) 
I t was prepared by mixing 50 ml reagent 'A' with 1 ml 
reagent ' B ' . 
7 .4 Reagent D (carbonate-copper su lpha te s o l u t i o n ) 
Same as r eagen t 'C* , except for the omiss ion of 
sodium hydroxide , 
7.5 Reagent E (Folin*3 phenol reagen t ) 
100 g sodium t u n g s t a t e and 25 g sodium molybdate was 
d i s so lved i n 700 ml d i s t i l l e d water in which 50 ml of 85% 
phosphoric ac id and 100 ml concent ra ted hydrochlor ic acid 
was mixed. The f l a s k was connected with a r e f lux condenser 
and bo i l ed gen t ly on a h e a t i n g mantle for 10 h o u r s . At the 
end of the bo i l ing period, 150 g li thium sulphate, 50 ml 
double d i s t i l l e d water and 3-4 drops of l iquid bromine was 
added to t h i s f lask . The ref lux condenser was removed and 
the solut ion in the f lask was boiled for 15 minutes in order 
to remove excess bromine, cooled and di luted to 1 l i t r e . 
Itie s trength of t h i s acidic solution (IN) was 
t es ted by t r ea t i ng i t with IN sodium hydroxide using 
phenolphthalein as an ind ica to r . 
8.0 Reagent for calcium and sodium 
8.1 TAM solution ( t r i acid mixture) 
I t i s a mixture of three acids l ike n i t r i c acid, 
sulphuric acid and perchloric acid in the r a t i o of 10:5:4. 
